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 
Abstract— The Perturb and Observe (P&O) is an algorithm 
to find the maximum power point in the photovoltaic (PV) 
system. This paper presents a new method to modify the step 
size of P&O algorithm by categorizing the step size into the 
large value during the sun irradiation change where the drift 
occurs, the medium value when the operating point is far away 
from the maximum point, and the small value when the 
operating point is close to the maximum point. The simulation 
results show that the proposed method achieves the high 
performance in tracking the maximum power point in the terms 
of the fast response, the small oscillation in the steady state 
condition, and avoiding the drift problem. Further, the method 




A Maximum Power Point Tracking (MPPT) is a popular 
method in the photovoltaic (PV) system, which is used to 
operate the PV in the maximum power condition. The MPPT 
finds an operating point in which the current and the voltage of 
the PV produce the maximum power regardless of the weather 
conditions. It is based on the fact that the relationship between 
the current and the voltage (I-V curve) of the PV is the 
non-linear function.  Further, the I-V curve is affected by the 
solar irradiation and the PV temperature. 
Basically, the MPPT method could be divided into two 
categories, i.e. conventional and intelligent methods [1,2]. The 
most popular conventional methods are Perturb and Observe 
(P&O) [3-8] and Incremental Conductance (INC) [9-12]. 
While intelligent methods use Fuzzy Logic Control (FLC) 
[13-17], Artificial Neural Networks (ANN) [18,19], Particle 
Swarm Optimization (PSO) [20].  
The P&O method is based on the perturbation and 
observation procedure. It perturbs the operating point by 
changing the voltage and observing the change in power to 
decide the direction of perturbation. The maximum point is 
achieved when there is no change in power. The basic 
algorithm uses the fixed step size for increasing/decreasing the 
perturbation voltage [3-4]. Since the DC-DC converter such as 
the buck, the boost, and the buck-boost converter is usually 
employed to connect the PV and the DC load or the battery, 
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the changing of PV voltage could be implemented by 
changing the duty cycle of the converter.  
The drawback of this method is that a large step size 
decreases the response time, but produces the high oscillation 
around the maximum point. While the small step size works 
oppositely. The overcome the drawback, the variable step size 
is adopted [5-8].  
Besides the step size issue, the P&O suffers from a drift 
problem, i.e. a situation in which the algorithm could not 
identify the power change whether it is caused by the 
perturbation process or the irradiation change. It leads to the 
wrong perturbation change. To avoid this problem, drift-free 
P&O methods are proposed [7,8]. 
The INC method finds maximum power by measuring the 
conductance and its incremental (derivative) of the PV. The 
PV operates in the maximum point when the conductance is 
equal with its derivative. The method changes the voltage to 
fulfill such a requirement. Similar to the P&O, the selection of 
step size for changing the voltage is a challenging problem. 
The fixed step size is employed in [9,10[, while the variable 
step size is employed in [11,12].  
The intelligent techniques such as FLC, ANN, PSO could 
be employed to overcome the drawbacks of the conventional 
technique as described previously. In [13-15], the FLC is used 
to change the duty cycle for finding the maximum power 
point. In [13,14], the FLC has two inputs, i.e. the error which 
is defined as the slope of P-V curve, and the change of error. 
While the output is the change of the duty cycle.  The FLC in 
[16[ is used to set the variable step size of the P&O method, 
where the FLC inputs are the error and the fixed perturbation 
step. 
The ANN is used to generate the duty cycle of boost 
converter to find the maximum power point [17]. The inputs of 
ANN are the temperature and solar irradiance. While the 
voltage and the current of PV are used as the input of the ANN 
[18].  
Other techniques to improve the performance of MPPT is 
by switching method that selects the P&O or INC according to 
certain criteria [20,21]. In [20], when the change of irradiation 
is nearly equal to a threshold then the INC method is 
employed, otherwise the P&O method is employed.  
As discussed previously, the selection of duty cycle, more 
specifically the step size in the MPPT technique is a 
challenging problem. In this paper, we propose a new method 
to handle the problems of the step size and the drift problem in 
the P&O. The conventional P&O technique is proposed rather 
than the intelligent techniques due to the facts of the following 
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reasons. The FLC method requires the proper tuning of 
membership functions and the rules, though it could be tuning 
automatically. However, it needs a bigger effort. The ANN 
method requires a lot of samples during the training process. 
While the PSO method is not suitable for real-time 
implementation.  
On the proposed method, the step size is categorized into 
three, i.e. during irradiation change, far away from the 
maximum point, and near to the maximum point. Using these 
three step sizes, the performance of MPPT in terms of fast 
response time, minimizing the oscillation in the steady state, 
and avoiding the drift could be improved,  
The rest of paper is organized as follows. Section 2 
describes the related work in the P&O methods. Section 3 
presents the proposed method. The simulation results are 
presented in Section 4. The conclusion is covered in Section 5. 
 
II. RELATED WORK 
A. Perturb and Observe Method 
The typical characteristic of I-V and P-V curves of the PV 
is depicted in Fig. 1. As shown in the figure, when the 
irradiation change, the maximum power is achieved at 
different voltage. Therefore the operating point of PV voltage 
could not be fixed, but it should be tracked to move to the 
maximum one.  
The P&O method changes the voltage in each cycle and 
measures the produced power to decide the direction of the 
voltage change or to stop the voltage change when the 
maximum power is achieved. The algorithm is illustrated in 
Fig. 2 and described as follows. It starts with the measurement 
of the voltage (V(k)) and the current (I(k)), and calculates the 
power (P(k)=V(k)×I(k)). Then it calculates the change of 
power (P=P(k)-P(k-1)) and the change of voltage 
(V=V(k)-V(k-1)). If P=0, the maximum point is achieved, 
and no voltage change is needed. If P>0 means that the 
operating point goes to the maximum point, if V>0 then the 
voltage should be perturbed in the same direction (increases 
the voltage: V(k+1)=V(k)+S), otherwise the voltage should be 
perturbed in the opposite direction (decreases the voltage: 
V(k+1)=V(k)-S), where S is the step size of perturbation 
voltage. If P<0 means that the operating point goes away 
from the maximum point, then the operations are the opposite 
of the previous ones. 
The algorithm may cause the oscillation at the point near to 
the maximum point, especially when the step size is large. 
However, when the step size is small, it will reach the 
maximum point slowly. Thus it leads to the adoption of the 
variable step size as described in the next section. 
B. Variable Step Size Perturb and Observe Method 
The variable step size is a common method to improve 
MPPT efficiency. The method varies the step size according to 
the position of the operating point from the maximum point. 
When the operating point is far away from the maximum 
point, the step size is large, however the step size becomes 






























Figure 2.  P&O Algorithm 
 In [5,6] when the change of power is greater than zero 
(P>0) means it goes to the maximum point, then the step size 
is multiplied by a constant A, i.e. it is larger. While when the 
change of power is lower than zero (P<0) means that it goes 
away from the maximum point, then the step size is divided by 
a constant A, i.e. it is smaller.  






where M is a scaling factor which is defined empirically, 
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the step size is proportional to the power slope, i.e. when the 
slope is larger, means that the operating point is far from the 



















Figure 3.  Drift-free P&O Algorithm [8] 
C. Drift-free Perturb and Observe Method 
Drift problem occurs when the irradiation change and the 
MPPT could not recognize the change of power whether it is 
caused by the perturbation or irradiation changes. One method 
to overcome the drift is by detecting the irradiation change and 
adjusting the perturbation direction accordingly as proposed in 
[8]. 
It is observed from Fig. 1 that at the same irradiation level, 
the sign of change in the current (I) is the opposite from the 
sign of change in the voltage (V). Therefore this property 
could be used to detect the irradiation change [8].  The 
flowchart of Drift-free P&O algorithm proposed by [8] is 
depicted in Fig. 3. As shown in the figure, the I is calculated 
to check the irradiation change and correct the perturbation 
direction. 
 
III. PROPOSED METHOD 
Our proposed variable step size is illustrated in Fig 4. It 
uses three variations of step size:  
 Large step size (CS1);  
 Medium step size (CS2);  































Figure 5.  Proposed Algorithm  
It is noted here that CS1, CS2, CS3 shown in the figure are 
not the voltage differences, but they are the duty cycles of the 
DC-DC converter that correspond to the voltage changes. The 
interval shown in the figure is just to simplify the explanation. 
The CS1 is adopted when there is an irradiation change as 
described in the following. Suppose that the current operating 
point is at point B (the previous position is at point A). When 
the irradiation changes, the operating point will be shifted, for 
instance, to point C. As shown in the figure, shifting the 
position from point B to point C (from point A previously) 






















































condition, i.e. since P>0 and V>0 then it will perturb the 
voltage to the right (point D). Thus it moves to the wrong 
detection. Therefore the drift detection method should be 
adopted as shown in Fig. 3 and Fig. 5. 







































where α and β are the constants which are defined empirically, 
and the condition 0))()((  kIkV is used to ensure that 
the CS1 is only applied when the irradiation changes. The CS2 
is a step size which is used to move the operating point from 
point C to point E. While CS3 is a step size which is used to 
move the operating point from point E to point MPP 
(Maximum Power Point). As illustrated in the figure, the CS3 
should be small to avoid the high oscillation, and the CS2 
should be a large value to speed up the response time. Instead 
of using the variable values as the CS1, we choose the fix 
values for CS2 and CS3. 
The flowchart of our proposed algorithm is depicted in 
Fig. 5. As shown in the figure, the algorithm is almost similar 
to [8], except that we introduce the new method to calculate 
the step size CS as expressed by (2).  
 
IV. SIMULATION RESULTS 
We verify our proposed method by the simulation using 
Matlab/Simulink. We employ the PV and the DC-DC 
converter (Buck-Boost converter) models from [23]. The 
specification of the PV model, the PV temperature and the 
profile of sun irradiation used in the simulation are given in 
Table 1.  
We compare our proposed method (Prop) with the 
existing methods as follows: a) Fixed step size = 0.05, drift 
checking (FD-05); b) Fixed step size = 0.01, drift checking 
(FD-01); c) Fixed step size = 0.002, drift checking (FD-002); 
d) Fixed step size = 0.05, no drift checking (FND-05); e) Fixed 
step size  = 0.01, no drift checking (FND-01); f) Fixed step 
size  =0.002, no drift checking (FND-002). 
TABLE I.  SPECIFICATION OF PV MODEL  
Parameter Value 
Maximum power (Pmax) 281 W 
Voltage at Pmax (Vmp) 34 V 
Current at Pmax (Imp) 8.26 A 
Open circuit voltage (Voc) 37.51 V 
Short circuit current (Isc) 8.63 A 
Total cells in series (Ns) 10 
Total cells in parallel (Np) 6 






 (0-1 s); 300 W/m
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(1.01-2 s); 1000 W/m
2
 (2.01-3 s) 
TABLE II.  COMPARISON RESULTS OF GENERATED POWER  
Method Name Generated Power 
Prop 63.16 KW 
FD-05 62.78 KW 
FD-01 56.46 KW 
FD-002 46.32 KW 
FND-05 62.50 KW 
FND-01 56.08 KW 
FND-002 45.96 KW 
 
The simulation results are depicted in Fig. 6 and Fig. 7. 
Fig. 6 shows the curves of generated power of Prop, FD-05, 
FD-01, FD-002. While Fig. 7 shows the curves of generated 
power of Prop, FND-05, FND-01, FND-002. It is clearly 
shown from the figures that our proposed method (Prop) 
achieves the highest performance among the others, especially 
it has no oscillation in the steady state. The response time of 
our proposed method is also fast, it is almost the same as the 
fixed step size of 0.05 (FD-05 and FND-05). However, the 
FD-05 and FND-05 exhibit the oscillations in the steady state. 
The figures also show the typical problem of the fixed step 
size of P&O, i.e. the small step size yields the smaller 
oscillation but slower response, the large step size yields the 
larger oscillation but faster response.  
The effect of drift could be examined from the time of 2.01 
seconds, i.e. when the irradiation changes from 0.3 W/m2 to 1 
W/m2. The upper figures in Fig. 6 and Fig. 7 are the curves of 
generated power from 2 to 2.05 s. From the figures we can see 
that starting from 2.01 s, the curves of FD-05 and FD-01 differ 
from FND-05 and FND-01. It is caused by the irradiation 
change at 2.01 s that leads to the wrong perturbation direction 
(drift problem). Thus it changes or shifts the curve of 
generated power. Since the step sizes of FD-002 and 
FND-002 are very small, the difference in the curve is not 
significant. 
The comparison results of generated power for all seven 
methods are given in Table 2, when the generated power is 
accumulated power during 3 seconds of the simulation. From 
the table, it is clearly shown that our proposed method (Prop) 
achieves the highest generated power, followed by the FD-05 
and FND-01. The results show that the smaller step size 
reduces the generated power as confirmed by Fig. 6 and Fig. 7. 
The results also show that the fixed methods with drift 
checking (FD-05, FD-01, FD-002) yield the higher generated 
power than the methods without drift checking (FND-05, 
FND-01, FND-002). 
V. CONCLUSION 
The method to adjust the step size of the P&O algorithm is 
presented. The step size is calculated based on two parameters, 
namely the irradiation change, and the slope of the P-V curve. 
It yields a variable step size which is appropriate to cope with 
the typical problems of the P&O algorithm such as the 
response time, the oscillation in the steady state, and the drift. 
The proposed method is simulated using the Matlab/Simulink 
  
environment and shows superiority compared to the existing 
techniques. 
In future, we will implement our method on the embedded 
system. Further, the combination with other advanced 

































Figure 7.  Curves of generated power: Prop versus  FND-05, FND-01, 
FND-002   
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